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The effects of upper body stren&th and endurance circuit weight
training (CWT) on strength, maximal oxygen uptake (VO 2 m a x ) ,
anaerobic threshold (AT), and work output (WO) during simulated
cross-country ski movements were investigated.
Twenty male college
students were randomly assigned to either the strength or endurance
CWT regimen.
Three circuits of five upper body exercises (bench
press, lat pull, tricep extension, bicep curl, and arm pulls) were
completed by all subjects three times per w e e k for seven weeks.
The strength CWT group (n = 11) performed four to eight RM
(repetition maximum) with each exercise, whereas the endurance CWT
group (n = 9) performed 15-25 R M for the bench press, lat pull,
tricep extension, and bicep curl, and 50-100 repetitions for the
arm pulls.
Following the training program, the pre and post
training measurements were compared within each group and between
groups.
The results showed that subjects in the strength CWT group
increased strength significantly in the bench press, lat pull,
tricep extension, bicep curl, and total strength (sum of strength
scores), by 17%, 19%, 18%, 20%, and 18.5%, respectively, and WO by
54%.
The subjects in the endurance CWT group significantly
increased strength in each of the four strength measures and total
strength by 7%, 19%, 15%, 9%, and 11%, respectively, and W O by
74%.
Maximal oxygen uptake was not significantly increased in
either group after training.
The difficulties encountered while
determining the AT with the gas exchange method necessitated that
the AT results be excluded from statistical interpretation.
There
were no significant differences in strength, V O 2 max, or WO between
the two training groups after training.
It was concluded that both upper body strength and endurance CWT
increased strength and W O in untrained college subjects after seven
weeks of training, but did not increase V O 2 max.
These results
suggested that either strength or endurance CWT could be highly
beneficial for ski training in untrained, beginning, cross-country
skiers.
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Chapter 1

INTRODUCTION

The diagonal stride, double poling, and skating techniques used
in cross-country skiing require contributions from both the upper and
lower body musculature, which makes cross-country skiing one of the most
physically demanding sports.

The changes in technique during the last

few years have placed a greater emphasis on the use of the upper body.
The upper body musculature of many beginning cross-country skiers is
often insufficiently conditioned for prolonged work.

Therefore,

the

development of a training program that could increase upper body work
output would be especially beneficial for these skiers.
Many studies have investigated the effects of strength and endur
ance training on lower body work capacity,
fatigable work,

(endurance time to exhaustion,

or absolute endurance), but few studies have investigated

the effects of strength or endurance training on upper body w o r k output.
Several researchers have shown both lower and upper body strength and
endurance training to increase work output

(WO).

Hickson et al.

(17)

found a 47% increase in bicycle endurance time to exhaustion following a
high-resistance,
W ilmore et al.

low-repetition lower body weight training program, while

(41) reported a 5.2% increase in treadmill endurance time

to exhaustion following 10 weeks of endurance circuit weight training
(CWT).

Anderson and Kearney (2) found increased absolute endurance

following nine weeks of high-resistance/low-repetition, moderate-resistance/

medium-repetit i o n , and low-resistance/low-repetition upper body weight
training.
Other researchers, however,

have found no change in W O following

upper body strength or endurance training,
no difference in

Clarke

and Stull (7) reported

fatigable work after a seven week a rm endurance training

program, while Stull and Clarke (36) found no change in fatigable work
after six weeks of arm strength training.

Based on these studies,

the

effect of strength and endurance training on upper body WO is unclear.
Investigators who have reported increases in WO following
strength or endurance training are not certain of the factors responsible
for these changes, but suggested they m ay be the result of changes in
strength, maximal oxygen uptake (VO2 max), and/or anaerobic threshold
(AT).

However,

the relationship between W O and strength, V O 2 max, and AT

are presently unclear.
Some studies that reported increases in W O also found increases
in strength (2,10,14,15,17,41).

But other studies that found increases

in strength, did not find increases in WO (7,36).
Hickson,

et al.

(16) and Magel et al.

(23) reported that increases

in WO were closely paralleled by increases in V O 2 max following endurance
leg and arm training, respectively.

However, Hickson et al.

(17) found

increases in WO without increases in V O 2 max following lower body highresistance weight training.
The AT is defined as "that workload intensity where the rate of
lactic acid production exceeds its rate of removal."(21)

This level has

been found to vary among different athletes and may become a critical
factor in determining an athlete's capacity for prolonged work.
and Rodahl

Astrand

(3) observed that endurance athletes could continue to improve
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their performances without increasing their V O 2 max, which could have
been due to an increased anaerobic threshold.

Presently, however, little

is known regarding the effect of various strength or endurance training
programs on the AT, or the relationship between WO and the AT.
The effects of upper body strength and endurance CWT on strength,
V O 2 max, AT, and WO during simulated upper body cross-country ski m o v e 
ments are unknown.

This lack of conclusive information suggested a need

for further Investigation.

Statement of the Problem

The purpose of this investigation was to determine the effects
of upper body strength and endurance circuit weight training on strength,
V O 2 max,

the anaerobic threshold, and work output, during simulated

cross-country skiing movements in 18 to 30 year old college men.

The

secondary purpose of this investigation was to compare the two training
methods to find the most effective method for increasing work output.
To investigate these problems,

the following null hypotheses were

constructed :
1.

There will be no significant differences in strength, V O 2
max, AT, or WO, within the strength training group or the
endurance training group following training.

2.

There will be no significant differences in strength, VO 2
max, AT, or WO, between groups after training.

The first alternative hypothesis is that strength training will
significantly increase strength.
hypotheses are nondirectional.

The remainder of the alternative

Assumptions

1.

Subjects recorded all extra activities as requested.

2.

Subjects gave maximum effort during all training and testing
sessions.

3.

Subjects did not participate in other activities that
involved high-resistance upper body movements during the
training program on a regular basis.

Definitions

To facilitate understanding of the remainder of this paper,

terms

that m a y be confusing or unfamiliar are defined.

Work Output

(WO):

Absolute endurance,

exhaustion, or fatigable work.
Weight) X

short term endurance time to

Calculated by the formula:

WO = (Body

(Vertical Rise) x (Number of Repetitions).

One Repetition Maximum (1 RM);

The maximum weight that can be lifted in

one all out effort.

Maximal Oxygen Uptake (VO 2 m a x ) :

The highest oxygen uptake the indi

vidual can attain during physical w o r k (3).

Anaerobic Threshold (AT ) :

The second nonlinear increase— breakaway

point— in ventilation (Vg) that also corresponds to a peak or initial
decline in the fraction of expired carbon dioxide gas (FgC 0
4 mM/1 lactate concentration in the blood.
criteria.
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) and a

Figure 1 illustrates these

160 t
140

•

120- • 6
100

•

5

E

(Il

60- - 3
AT
AerT
20

•

0

1

10

20

30

40

50

60

70

80

90

100

VO2 max (%)

Figure 1
Determination of the Aerobic and Anaerobic Thresholds by the
Gas Exchange Method (• = Vg/V02 max; A = FJ7C O 2 /VO 2 max;
AerT = Aerobic Threshold; AT = Anaerobic Threshold)

Source:

Skinner, J.S., and McLellan, T.H,
The transition
from aerobic to anaerobic metabolism.
Research
Q u a r t e r l y , 1980, 2L* 234-248.

Chapter 2

REVIEW OF LITERATURE

The nature of the training stimulus usually determines the type
of physiological adaptation that will occur in skeletal muscle.

Holloszy

and Booth (18) reported that two quite distinct adaptive responses can
be induced in skeletal muscle by regularly preformed, strenuous exercise.
DeLorme

(11) made a clear distinction between the relationship of resis

tance to number of repetitions,

stating that high-resistance,

low

repetition exercises produced strength gains, whereas low-resistance,
high—repetition exercises produced endurance gains, and claimed that each
type of exercise was mutually exclusive and incapable of producing both
results.

The findings of Stull and Clarke (36) that fatigable work did

not change following high-resistance,

low-repetition training,

and Nagle

and Irwin (25), who found no increases in VOg max following training,
support the claims made by DeLorme.
tigators (2,13,17,32)

However, since several other inves

found that WO was increased after high-resistance,

low-repetition training, and others (2,7,10,15)

found that strength was

increased after low-resistance, high-repetition training,

the DeLorme

axiom appears questionable.
There currently exists a great deal of confusion regarding the
definitions of what constitutes strength and endurance training,

since

ma n y studies have labeled a variety of resistances and repetitions as
either being strength or endurance training.

6

For the purposes of this

7
investigation,

the definitions of strength and endurance weight training

outlined by Sharkey (33) were utilized.
consisting of six to eight repetitions,

He defined strength training as
three days each week, and

endurance training as consisting of greater than ten repetitions,

three

days each week.
Several investigators have reported that WO was increased after
strength training

(2,13,17,32), while others reported similar results

after endurance training (2,12,15,16,23,41).

The factors responsible

for these changes are unclear, but m a y be related to parallel increases
in strength, V O 2 max, or the AT.

In order to better understand the

adaptations of strength, V O 2 max, and the AT that typically accompany
strength and endurance training,

the training protocols and results from

a variety of strength and endurance training investigations will be
examined.

To facilitate continuity and understanding,

this review will

be divided into the following catagories:
Strength training effects on strength, V O 2 max, and anaerobic
threshold
Endurance training effects on strength, V O 2 max, and anaerobic
threshold
Strength and endurance training effects on wo r k output
Summary

Strength Training Effects on Strength,
V O 9 max, and Anaerobic Threshold

Strength
There is little doubt that weight training is one of the most
effective methods for increasing muscular strength.

Numerous

8
investigators have found significant strength increases following a
variety of high-resistance,
Hickson et al.

low-repetition weight training programs.

(17) examined the effects of leg training for 10 weeks

with a regimen consisting of three to five sets of five repetitions,
three days a week, while Thorstensson et al.

(37) investigated the

effects of a similar leg training program consisting of three sets of six
repetitions for eight weeks on strength.

Both Hickson et al. and

Thorstensson et al. found significant increases in leg strength of 43%
and 67%, respectively.

MacDougall et al.

(22) reported that after five

months of arm training, comprised of three to five sets of eight to ten
repetitions, arm strength increased 28%,
and Clarke

In a six week study by Stull

(36), consisting of three sets of 10 repetitions of variable

resistance, an increase in arm strength was also found.
The optimum number of repetitions that will cause the greatest
strength gains seems unclear.

Berger

(3) compared the strength gains

that resulted after performing one set of 2,4,6,8,10, and
three days a week for 12 weeks.

12

repetitions,

He concluded that training with less

than two repetitions and more than

10

repetitions did not increase

strength as rapidly as training with 4,6, and

8

repetitions.

The changes

that resulted from upper body weight training with three sets of six to
eight RM,

two sets of 30-40 RM, and one set of 100-150 RM, were examined

by Anderson and Kearney
week,

(2).

After nine weeks of training three days a

it was determined that the six to eight R M group increased strength

substantially more than either of the other groups.

Astrand and Rodahl

(3) and Sharkey (33) suggest that three sets of six repetitions may be
the optimal weight training protocol for increasing strength.
this still remains questionable,

However,

since O'Shea (27) found equal strength

9
gains when comparing protocols consisting of three sets of
9-10 repetitions.

2

-3 ,

5

- 6 , and

There are a variety of sets and repetition combi

nations that will increase strength, but an optimal combination appears
to be three sets of six RM, three days a week (3,8,33).

Maximal Oxygen Uptake
Strength training generally has not been considered a form of
exercise that could improve VO^ max.

Nagle and Irwin (25) reported no

change in V O 2 max following eight weeks of isotonic weight lifting that
consisted of two sets of five repetitions,

three days a week.

This may

have been partially due to the frequent and long rest periods that
normally accompany typical strength training programs (13).

However,

even when exercises were organized in a circuit to reduce the amount of
rest between exercises, Allen et al.

(1) did not find increases in V O 2

max after a 12 w e e k strength CWT program that consisted of three circuits
of eight repetitions,

three days each week.

strength weight training,

Therefore,

it seems that

even if performed in a circuit, cannot increase

cardiovascular function.

Anaerobic Threshold
Skinner and McLellan (34) reported there was little information
in the literature regarding the influence of various types of exercise
on the AT.

In addition,

the amount and intensity of training necessary

to produce changes in the AT is unknown, which makes it difficult to
predict what the effect of a high-resistance,
training program would be on the AT.

low-repetition weight

10
Endurance Training Effects on Strength,
max, and Anaerobic Threshold

Strength
Astrand and Rodahl (3) and Holloszy and Booth (18) both suggested
that a light-resistance, high-repetition endurance exercise,
running,

such as

swimming, and cycling, could increase V O 2 max, and the capacity

to perform prolonged wo r k without accompanying increases in muscular
strength.

Jensen and Schultz

(19) came to similar conclusions, and state

that a weight training program consisting of 20-30 repetitions would
increase endurance, but have little effect on strength.
Other investigators, however, have found upper body strength to
increase after endurance weight training (2,7,15,41), while
al.

DeLateur et

(1 0 ) found increases in lower body strength following similar training

procedures.

Subjects in the study by Anderson and Kearney (2) were

required to perform either two sets of 30-40 RM, or one set of 100-150
RM, three days a week for nine weeks.

As a result of training,

strength

increased by 8.2%, and 4.9% in the 30-40 R M and 100-150 RM groups, re
spectively.

Clarke and Stull

(7) also found significant increases in

strength after performing one m aximum bout of elbow extension exercise,
three days a week for seven weeks.
performing one set of

100

Hansen

(15) studied the effects of

repetitions of elbow flexion three days a week

at 60% 1 RM for six weeks, and reported a 13.2% increase in dynamic
strength.

A similar 7.56% strength increase was experienced by subjects

in a study conducted by Wilmore

et al.

(41).

Subjects in this study were

required to perform three sets of exercises at 40-55% 1 RM for 30 seconds,
three days a wee k for

10

DeLateur et al.

weeks.
(10) examined the effects of leg training to

11
exhaustion with either 55 or 25 pound weights for a total of 15 workout
sessions.

They found that both groups of subjects increased strength

and concluded that their choice of weights

(number of pounds)

was not

of prime importance in strength increases, as long as subjects continued
the repetitions to the point of fatigue.

Maximal Oxygen Uptake
Ten weeks of an endurance arm cranking training program has been
shown to increase V O 2 max (35).

However,

changing V O 2 max is less understood,

the effectiveness of CWT on

since previous CWT studies have

reported mixed results.
Wilmore et al.
males.

(41) conducted a 10 week CWT program involving 16

These subjects performed as m a n y repetitions as possible in 30

seconds for three sets at 40— 55% 1 RM, and then rested 15 seconds between
exercises.

After training, Wilmore and his colleagues observed no change

in V O 2 max.
Other endurance CWT studies, however, have reported V O 2 m ax in
creases after training.

Gettman et al.

investigated the effectiveness of

CWT programs on VO^ m a x in three separate studies (12,13,14).
investigation (1 2 ) consisted to

10

The first

weeks of upper and lower body exer

cises that required subjects to perform two circuits of 15 repetitions
at 50% I RM,

three days a week.

The second investigation (13) involved

eight weeks of upper and lower body isokinetic training exercises that
required subjects to perform two circuits of 10 repetitions at 50% 1 RM
during the first four weeks, and two circuits of 15 repetitions at 90%
1 R M during the last four weeks.

The third investigation (14) consisted

of training the upper and lower body with two circuits of

12

repetitions.

12
three days a we e k for 20 weeks.
increases in VO^ max of 4.7%,

Following training, Gettman et al.

found

3%, and 7% for each of the three inves

tigations, respectively.
Wilmore et al.

(39) measured the effect of 10 weeks of upper and

lower body CWT on V O 2 max.

Subjects were required to perform as many

repetitions as possible in 30 seconds for three circuits at 40% 1 RM,
three days a week.

Wilmore and his colleagues noted a 5.9% increase in

V O 2 max after training, and concluded that CWT was an excellent general
conditioning activity with a significant aerobic component.

Anaerobic Threshold
The effect of endurance training on the AT, as defined by Skinner
and McLellan

(34), is largely unknown.

LaFontaine et al.

to answer this question by investigating the effects of
running on the AT.
intensity

Subjects

10

(20) attempted
weeks of

trained either at low, medium,

or high

(percentage of V O 2 max) and at either low (15 miles/week) or

high (30 miles/week) quantity,

five days each week.

The investigators

observed that low intensity exercise did not increase the AT, but that
m edium intensity/high quantity and high intensity/low quantity exercise
led to AT increases.

LaFontaine et al. concluded there might have been

an intensity threshold that was exceeded at higher intensity training.
Astrand and Rodahl

(3) noted that endurance athletes could

continue to improve their performance without a corresponding increase
in V O 2 max, which could be due to an increased AT,
endurance CWT program could not increase V O 2 max,
increased by such a training program,
work capacity.

Therefore,

even if an

if the AT could be

it might lead to improvements in

13
Strength and Endurance Training Effects
on Work Output

The studies that have investigated the effects of strength and
endurance training on WO have produced conflicting results.

Stull and

Clarke (36) found no change in WO after strength training, while others
(17,32) found significant increases in WO after similar training.

On

the other hand, even though endurance training studies have generally
reported increases in WO after training (2,13,15,16,23,41), WO has also
been found not to change after endurance training (7),
Stull and Clarke (36) examined the effects of strength training
on strength and fatigable wor k in 20 male university students.

These

students, who completed a six week training program that consisted of
three sets of

10

repetitions with varied resistance, did not experience

any change in fatigable work, but significantly increased strength.
Other investigators, however, have reported increases in WO
following strength training.

Anderson and Kearney (2) examined the

effects on strength training with three sets of six to eight R M on
strength and absolute endurance.

Subjects were tested on the bench press

for strength using the 1 R M method, and for absolute endurance with a
60 pound weight.
strength by

2 0

After nine weeks of training,

subjects increased

.2 2 %, and absolute endurance by 28%,

Hickson et al.

(17) studied the effects of a strength training

program on lower body endurance time to exhaustion in nine males.
finishing a

10

After

week training program that included high-resistance/low-

repetition squats, knee flexions and extensions,
raises, subjects experienced increases of 47% and

leg presses, and calf
12%

on endurance time

to exhaustion measures obtained during the bicycle and treadmill tests.

14
respectively.

The investigators concluded that high-resistance/low-

repetition weight training was capable of dramatically increasing short
term endurance without accompanying increases in VO^ max when the trained
muscles were used similarly during testing.
Most of the studies that have examined the effects of endurance
training on WO have reported increases in W O following training.

Clarke

and Stull (7) however, did not find increases in fatigable w o r k among 24
male subjects who underwent a seven wee k program that involved performing
one maximum bout of elbow extension at 40 repetitions per minute to
exhaustion while using a light resistance.

However,

the investigators

did report increases in strength.
Anderson and Kearney (2) investigated the effects of two en
durance weight training regimens that consisted of 30-40 R M and 100-150
RM, on absolute endurance in 28 male subjects.

After nine weeks of

training, absolute endurance increased by 41% and 39% in the 30-40 RM and
100-150 RM groups, respectively.
Hickson et al. (16) measured endurance time to exhaustion after
10 weeks of lower body endurance training.
ted of performing six high intensity,

The training program consis

five minute, bicycle intervals

three days per week, and high intensity running for 40 minutes the
remaining three days each week.

Hickson and his colleagues tested sub

jects for V O 2 max and endurance time to exhaustion after training and
found a 44% increase in V O 2 max that closely paralleled the significant
increase in endurance time to exhaustion.
Subjects in a study conducted by Magel et al.

(23) improved

maximum work time to exhaustion by 38% after 10 weeks of arm interval
training.

The training program entailed five to six four minute work

15
bouts with five minute rest periods between intervals,
three days a week.
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minutes a day,

These results led Magel and his associates to con

clude that arm interval training was effective in increasing work time
to exhaustion.
Several CWT programs have also reported increased WO following
endurance training (12,13,41),

Gettman et al, explored the effects of

CWT on endurance time to exhaustion, V O 2 max, and strength in two separ
ate investigations.

In the first study (12), subjects performed both

upper and lower body exercises involving two sets of 15 repetitions at
50% 1 RM, three days a w e e k for 20 weeks.

In the second study (13),

subjects were required to perform eight weeks of upper and lower body
exercises that consisted of two circuits of 10-15 repetitions for 30
second work bouts.
performed

During the first four weeks of training, subjects

10 repetitions at 50% 1 RM, whereas during the last four weeks,

subjects performed 15 repetitions at 90% 1 RM,

The first investigation

yielded increases of 7.5%, 4.7%, and 17,6% for endurance time to ex
haustion, V O 2 max, and strength, respectively, while the second inves
tigation yielded similar increases— 3,5%, 3%, and 12,3%'— for the same
corresponding measures.
Wilmore et al,

(41) conducted a 10 we e k CWT program with 16 males.

Subjects performed three circuits involving a variety of upper and lower
body exercises at 40-50% 1 RM for 30 seconds, with 15 seconds rest b e 
tween exercises.

After recording significant strength improvements, a

5.2% increase in endurance time to exhaustion, and no increase in V O 2
max, Wilmore and his associates concluded that the noted increase in
endurance time to exhaustion could have been due to an increased
anaerobic capacity, and recommended this possibility be further explored.
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Summary

There appears to be little doubt that one of the most effective
ways to increase muscular strength is through weight training.

The

greatest strength gains seem to be achieved by performing three sets of
high-resistance exercise for six repetitions,

three days a week, although

other regimens that involve similar resistances and less than
titions were also found to significantly increase strength.
endurance activities,

10

remains questionable,

repe

Extreme

like running, were found to be largely ineffective

for increasing strength.
programs involving

10

The effectiveness of endurance weight training

or more repetitions on increasing muscular strength
since some investigators reported strength in

creases after training (2,7,10,15,41), while others suggested that
endurance weight training did little to increase muscular strength (19).
It has been well documented that interval and long duration
activities increase V O 2 max, but the effectiveness of endurance weight
training for changing V O 2 m ax remains questionable.

No change in V O 2

ma x was reported in one endurance CWT program (41), while small, but
significant,
programs

increases in V O 2 m ax were reported in other endurance CWT

(12,13,14,39).

Strength training, on the other hand, does not

seem capable of improving V O 2 max, even if performed in a circuit regi
men.

However, Byrd and Barton

(6 ) suggested that some of the n o nsig

nificant findings might be due to the use of inappropriate and nonspe
cific tests to evaluate V O 2 max.

In order to get a true indication of

whether or not weight training can result in significant increases in
aerobic capacity, V O 2 max must be evaluated with the specific muscles
trained.
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Although the effects of various training programs on the AT are
largely unknown,

it appears that a certain intensity level must be ex

ceeded in order to increase the AT.

Whether or not strength or endurance

weight training can exceed this intensity to change the AT is presently
unknown.

By employing two weight training regimens of different resis

tances and repetitions,

this question m ay be better understood.

The effect of strength and endurance training on WO remains
unclear.

Several investigators

(7,36) reported no change in WO following

strength and endurance training, while others found both strength and
endurance training to effectively increase WO

(2,12,15,16,16,23,32,41).

From these studies reporting increases In WO,

the factors responsible

for these increases were unknown, but m a y have been due to parallel in
creases in strength, V O 2 max, or the AT.

It is unclear whether strength

or endurance weight training would be more effective for increasing WO.
Only one previous study (2) has compared the effects of the two regimens
on absolute endurance and found no significant differences after strength
or endurance weight training.

Further investigation is needed to deter

mine if either training regimen is more effective in increasing WO.
study focused on the effects of upper body strength and endurance CWT
on strength, VO 2 max, AT, and WO,

This

Chapter 3

METHODS AND PROCEDURES

Subj ects

Twenty— two male volunteers from Health and Physical Education
classes at the University of Montana during Winter Quarter 1982 were
recruited to participate in the study.

The subjects met the following

criteria:
1.

Male,

18 to 30 years old.

2.

Not presently engaged in upper body weight training.

3.

No upper body weight training within the previous month.

4.

Not presently engaged in cross-country skiing,

swimming, or

any other activity that involves resisted upper body m o v e 
ments on a regular basis.
The 22 volunteer subjects were randomly assigned to one of two
groups:

Group A

(strength training, N = 11), or Group B (endurance

training, N = 11).

Physical characteristics of the 20 subjects who com

pleted this study are presented in Table 1.

Research Design

A pre-test,

post-test design was used in order to determine the

effects of two separate training methods on various parameters before
and after training.

A control group was not needed because this study

intended to investigate the differences within and between the two
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Table 1
Physical Characteristics of the Subjects

Subject

Age (years)

Height (cm)

Weight (kg)

R.R.

25

172.09

76.36

B.P.

28

187.96

97.27

K.C.

27

170.82

71.82

S.S.

18

182.25

66.59

B.B.

19

168.91

57.27

6.S.

19

179.71

71.59

R.M.

19

180.98

73.64

M.L.

18

177.17

71.36

M.S.

20

183.52

79.55

D.K.

21

186.06

72.73

M.C.

22

173.99

71.82

P.W.

26

185.42

79.55

B.W,

19

174.63

67.73

S.M.

28

178.44

80.00

J.P.

23

167.01

60.00

W.H.

21

166.37

57.27

B.K.

19

174.63

75.45

J.F.

24

173.36

71.59

P. J.

19

175.26

65.45

D.V.

23

187.96

86.36

21.9

177.33

72.67

Means
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training groups, and not the difference between training and not
training.

Pre Training

Pre testing was conducted in the Weight Room and Human
Performance Laboratory at the University of Montana» from January 11 to
January 15,

1982.

Subjects scheduled two appointments during that time,

in which they were tested for

strength, WO, V O 2 max, and AT,

Subjects

were instructed not to eat or drink any fluids, other than water, for a
minimum of two hours before reporting for testing, and not to exercise
the upper body on the day of the tests.

Strength Measurement
Subjects signed an Informed Consent Form and completed a brief
Medical History (Appendix A) before being tested for maximum upper body
strength.

The 1 RM method described by Berger

(4) was used with the

following protocol:
1.

Subjects were given approximately one to two minutes to
perform general stretching and warm up exercises.

2.

Subjects were given five to six warm up trials prior to
attempting to lift as much weight as possible in one repe
tition.

During the warm up, subjects performed each exer

cise with a moderate resistance consisting of 80-100 pounds
for the bench press,

and 30-50 pounds for the lat pull,

tricep extension, and bicep curl.

Subjects were instructed

in the proper technique for each exercise during that time.
3.

Subjects attempted to lift as much weight as possible in one
repetition for the bench press,

lat pull,

tricep extension.
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and bicep curl.

If the subject was successful in a particular lift,

either five or ten pounds was added

(depending on the ease of the pre

vious lift) on repeated trials until the subject could not lift the
weight one time through the full range of motion.

The weight that was

last sucessfully lifted was recorded as the 1 RM.

Wor k Output Measurement
After subjects were tested for strength during the first
appointment,

they were tested for upper body WO on a rollerboard (Illus

trated in Figure 2, Construction details in Appendix B ) .
board was found to have face validity and be a reliable
oratory testing instrument for determining work output
was calculated using the formula:
X (Number of Repetitions).
1.

The roller
(r = .91) lab

(26).

W o r k Output

WO = (Body Weight) x (Vertical Rise)

The following protocol was used:

Prior to each test, a thin layer of parafin wax was rubbed
on the ramp and smoothed with a wax scraper,

2.

Subjects were weighed and measured for height

(wearing shoes)

on a Me d i c —Detecto scale,
3.

Subjects were instructed in the proper rollerboard technique.
They were told to lay in a prone position on the rolling
board and adjust their position on the board so their arms
were fully extended and the back wheels of the rolling board
rested against the bottom ridge of the ramp.

Subjects were

instructed to pull and extend their arms straight down and
back, while allowing only a slight elbow bend when rolling
up the ramp.

Subjects were also instructed to allow them

selves to roll down the ramp without lowering themselves
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#

Figure 2
The Rollerboard
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eccentrically.
4.

Subjects were given

one minute to perform general stretching

and warm up exercises prior to testing.
5.

Subjects were given

three to four warm up trials on the

rollerboard prior to testing.

The investigator made any

corrections in technique during that time to insure stan
dardization.
6.

With a Franz Metronome set at 72 beats per minute (bpm), sub
jects performed as m a n y repetitions as possible by rolling
up the incline ramp

above a m a r k that was a vertical rise of

27 in.

87.5 in.

(.686 m ) , or

of the ramp.

(2.22m) from the bottom ridge

Subjects rolled up the ramp every two beats,

and rolled down the ramp every two beats.
7.

The test was terminated when subjects could no longer keep
pace with the metronome, or could no longer roll above the
27 in. vertical tape mark.

8.

While the investigator helped subjects keep pace with the
metronome and insured each repetition was completed above the
tape mark, an assistant recorded the number of repetitions
completed.

Maximum Oxygen Uptake and Anaerobic
Threshold Measurements
Subjects reported to the Human Performance Laboratory for the
second appointment at which time V O 2 max, and AT were determined using a
Nordic-Trak A rm Ergometer that simulated upper body diagonal stride poling
movements

(Illustrated in Figure 3, Construction details in Appendix C ) ,

V O 2 max, Vg, and FgC02 were measured by a Beckman Metabolic Measurement

24

Figure 3
The Nordic-Trak Ar m Ergometer
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Cart.

This instrument has been found to be a valid

(31) measuring device.

(40) and reliable

V O 2 max was determined to be the point where

oxygen uptake leveled off or decreased with an increased workload, or
when subjects could no longer continue.

The primary determinant of the

AT was the second nonlinear "breakaway" increase in
plotted against the percentage of V O 2 max.

when Vg was

The percentage of V O 2 max and

percentage of FgC 0 2 were plotted against each other as a secondary cri
teria for calculating the AT, with the peak or initial decline being
considered the AT.
(34).

This method has been described in detail elsewhere

The following protocol was utilized during the test:
1.

The Beckman Cart was calibrated before and after testing
each subject.

2.

The testing procedure was explained to subjects when they
arrived at the laboratory.

3.

Subjects were weighed on a Continental Scale.

(The

Continental Scale was used for this test instead of the
Medic-Detecto scale because it was more accessible to the
testing site )
4.

Disposable electrodes were placed on the subject's chest in
the standard V-5 configuration.

5.

Subjects were instructed in the proper arm pulling technique
and given a brief

15 second period of practice prior to

testing.
6.

Electrode leads were connected to the subject's chest
electrodes, and the subject was fitted with a one-way
breathing valve, mouthpiece, and noseplug.

7.

Subjects began to exercise at a moderate tempo of 80-88 bpm
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with no resistance, while the investigator matched the
chosen tempo with a Franz metronome.

Oxygen uptake, Vg and

measured and recorded every 30 seconds by the
Beckman Cart.
8.

During the first five minutes of the test, the workload was
increased each minute by turning the knob on the Nordic-Trak
Ergometer one-half turn to the right.
same during the first five minutes.

The speed remained the
After five minutes,

sub

jects were given the choice of whether to increase the work
load by increasing the resistance of the Nordic-Trak
Ergometer,
9.

or the speed of the metronome.

When the investigator subjectively determined that subjects
were fatigued and approaching their max,

they were asked to

pull as hard and fast as possible until they could no longer
continue.
10.

The test was terminated when subjects could no longer con
tinue or when V O 2 leveled off or decreased with an increased
workload.

Training Procedure

All subjects trained three days each w e e k for a period of seven
weeks.

Subjects were required to record attendance, number of repe

titions and weight lifted for each exercise during each training session,
as well as all physical activities performed outside the realm of the
study.

Subjects who missed more than a total of three workouts, and did

not make them up within a w e e k following the absence, were dropped from
the study.

At the beginning of the training program,

the investigator
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demonstrated proper technique for each exercise, and supervised workouts
in order to assure standardization of training procedures and to answer
questions from the subjects.

After the first four weeks,

the investi

gator did not supervise each training session, but, maintained close
contact with subjects until the end of the study.

Subjects performed

the following CWT training regimens depending upon the group assigned to:

Group A (strength)
Five to eight repetitions
Three circuits,

three days a we e k

No rest between exercises,

three minute rests between

circuits
The exercises were performed in this order:
lat pull,

bench press,

tricep extension, bicep curl, and arm pulls.

Group B (endurance)
15-25 Repetitions
Three circuits,

(for the first four exercises)

three days a week

No rest between exercises,

three minute rests between

circuits
The exercises were performed in this order;
lat pull,

bench press,

tricep extension, bicep curl, and arm pulls.

The following schedule of repetitions was followed for the
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arm pulls:

1st

2nd 3rd

4th

5th

6th

7th

First Circuit

60

80

100

100

100

100

100

Second Circuit

60

75

90

100

100

100

100

Third Circuit

50

70

85

100

100

100

100

When subjects in Groups A or B could perform more than eight or 25
repetitions,

respectively,

in any exercise (excluding a rm pulls)

resistance was increased five pounds.

the

Subjects in both groups were

instructed to lift to the point of fatigue for each exercise instead of
the traditional 30 second CWT work bouts.

Although the bicep muscles

are not actively involved to any great extent during upper body skiing
movements,

the bicep curl was included in this training program to bal

ance they heavy work being done by the triceps.

Appendix D illustrates

the five exercises used during training.

Post Testing

Following seven weeks of training,

subjects scheduled two testing

sessions within a w e e k following the last training session.

Subjects

were tested for strength, V O 2 max, AT, and WO using the same testing
protocols described in the pre testing session.

Statistical Treatments

A t-test for correlated groups was used to examine differences
between pre and post test scores within each group, while a t-test for
independent groups was used to examine pre and post test differences
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between the strength and endurance groups.

The Pearson Product Moment

Correlation Coefficient was used for all correlational analyses.
level of significance was set at the .05 level.

The

Chapter 4

RESULTS

The effects of seven weeks of upper body strength and endurance
CWT on strength, VO 2 max, and WO, within Groups A and B were determined
using a t-test for correlated means.

The within group strength

changes for Group A were analyzed using a one-tailed test, whereas all
other parameters within each group were analyzed using a two-tailed
t-test.

A two-tailed t-test for independent groups was used to compare

the pre and post training means between groups for each of the same
parameters.

The significance level was set at .05 for all statistical

treatments.

The one-tailed t value needed for significant strength

increases in Group A was 1,812 (lOdf).

The t values needed for signifi

cance for all other parameters within Groups A and B were 2.228 (10 df),
and 2.306 (8 df), respectively.
between groups was 2.101

The t value needed for significance

(18 df).

Twenty-two male subjects volunteered to participate in the seven
we e k CWT program, but, final data was collected for only 20 subjects who
fulfilled all attendance,

training, and testing requirements.

One sub

ject withdrew from the University before the first training session,
while the other subject sustained a shoulder injury, unrelated to the
study,

that prevented him from completing all the final tests.

Both

subjects had been assigned to Group B.
Tables 2 and 3 present the pre and post training means,
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standard
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deviations, mean differences, percentage changes, and the t values for
strength, V O 2 max,and WO,

for subjects in Group A (strength) and

Group B (endurance), respectively.

The differences between Groups A

and B in pre and post training means and t values for strength, V O 2 max,
and WO measures are presented in Table 4.

The individual data for

all parameters measured are contained in Appendix E for Group A, and
Appendix F for Group B.

Strength

All of the m e a n
tricep extension,

strength values for the bench press, lat pull,

and bicep curl

groups after training.

showed significant increases in both

In order to get an indication of overall strength

improvement, total strength (mean of the sum of all four strength scores)
was also calculated.

Total strength was also found to be significantly

increased in both groups after training.

The mean strength percentage

differences in each of the four exercises and total strength were 17%,
19%,

18%, 20%, and 18.5% for Group A, and 7%,

19%,

15%, 9%, and 11% for

Group B, respectively.
The 11 subjects

in Group A all increased total strength.

largest increase of 30% was experienced

The

by subject P.W., and the smallest

increase of 9.6% was experienced by subject D.K.

Based on pre and post

1 RM strength scores, most subjects in Group A increased strength on
each exercise, but,

subjects D.K., W . H . , and J.P. were exceptions.

jects D.K. and W.H.

failed to increase strength in the lat pull and

Sub

bench press, respectively, while the 1 RM tricep extension test for
subject J.P.

indicated a decrease in tricep extension strength.

All nine of the subjects in Group B increased total strength.
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Table 2
Effects of Strength Circuit Weight
Training Within Group A
(N = 11)

Pre
mean
(SD)a

Post
mean
(SD)

150.0
(32.94)

Mean
difference

Percent
change

t

175.9
(36.32)

25.91

+ 17.0

- 7.16^

75.5
(9.07)

90.0
(12.45)

14.55

+ 19.0

- 7.90b

Tricep Ext.
(lbs)

70.0
(14.32)

82.7
(15.06)

12.73

+ 18.0

-

3

.5 5 b

Bicep Curl
(lbs)

75.5
(13.50)

90.9
(14.63)

15.46

+ 20.0

-

9

.8 2 b

Total Strength^
(lbs)

370.91
(59.10)

439.55
(70.87)

68.64

+ 18.5

- 1 1 .0 4 b

2.74
(.48)

2.93
(.48)

.19

+

7.0

- 1.92

38.17
(3.56)

40.86
(5.75)

2.69

+

7.0

- 1.58

1572.64
(386.60)

2424.58
(438.87)

851.94

Bench Press
(lbs)
Lat Pull
(lbs)

VO 2 max
(l'min-1)
VO 2 max
(ml'kg“ l-min"!)
Work Output
(kg-m-1)

+ 54.0

Standard deviation
1.812 significant at p = .05
t^2.228

significant at p = ,05

Mean of the sum of bench press, lat pull,
extension, and bicep curl

tricep

-

9

.7

5

C
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Table 3
Effects of Endurance Circuit Weight
Training Within Group B
(N = 9)

Pre
mean
(SD)a

Post
mean
(SD)a

Bench Press
(lbs)

171.10
(79.88)

Lat Pull
(lbs)

Mean
difference

Percent
change

183.89
(56.61)

12.79

+

7.0

-

3

.1 2 b

77.22
(15.43)

91.67
(20.77)

14.45

+ 19.0

-

5

.3 5 b

Tricep Ext.
(lbs)

71.11
(23.29)

81.66
(23.72)

10.55

+ 15.0

-

8

.1 0 b

Bicep Curl
(lbs)

83.89
(24.85)

91.67
(24.87)

7.78

+

9.0

- 4-60b

403.33
(124.50)

448.89
(122.90)

45.56

+ 11.0

-15.50b

2.65
(.54)

2.83
(.36)

. 18

+

7.0

- 1.82

35.10
(4.13)

37.83
(4.33)

2.73

+

8.0

- 1.98

1673.24
(507.75)

2914.23
(904.32)

1240.99

Total Strength^
(lbs)
V O 2 max
(l'min-1)
V O 2 max
(ml'kg-1*min"l)
Wor k Output
(kg'm-1)

+ 74.0

^Standard deviation
^ t > 2.306 significant at p = .05
CMean of the sum of bench press,
ext., and bicep curl.

lat pull,

tricep

t

- 7.06b
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Table 4
Differences in Pre and Post Training Means and t Values
for Strength, V O 2 max, and Wo r k Output

Group A
Post mean
(SD)

Group B
Post mean
(SD)

- .963

175.91
(36.32)

183.89
(56.61)

77.22
(15.43)

- .319

90.00
(12.45)

91.67
(20.77)

70.00
(14.32)

71.11
(23.29)

- .131

82.73
(15.06)

81.66
(23.72)

75.45
(13.50)

83.89
(24.85)

- .968

90.91
(14.63)

91.67
(24.87)

Total Strength^ 370,91
(lbs)
(59.07)

439.55
(70.87)

-1.420

403.33
(124.50)

448.89
(122.90)

2,74
(.48)

2.65
(.54)

.002

2.93
(.48)

2.83
(.36)

38.17
(3.56)

35.10
(4.13)

+1.912

40.86
(5.75)

1572.64
(386.60)

1673.24
(507.75)

- .583

2424.58
(438.87)

Group A
Pre mean
(SD)a

Group B
Pre mean
(SD)

150.00
(32.94)

171.10
(79.88)

75.45
(9.07)

Tricep Ext.
(lbs)
Bicep Curl
(lbs)

Bench Press
(lbs)
Lat Pull
(lbs)

V O 2 max
(l'min- 1 )
V O 2 max
(ml* kg~l*min“ 1)
Work Output
(kg-m-l)

Pre
t

-

—

.382

-

.222

+

.122

-

.085

-

.213

+

.530

37.83
(4.33)

+1

.305

2914.23
(904.32)

-1

.586

^Standard deviation
^Mean of the sum of bench press,
ext., and bicep curl.
til

2.101

lat pull,

Post
t

tricep

significant at p = .05 between groups A and B
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Subject K.C.

increased total strength by 19%, the most of any subject,

whereas subject B.S.

increased total strength by

strength gain in Group B.

8

%, the smallest

Subjects R.R. and B.B. did not increase lat

pull strength, while the 1 RM bench press test for subject B.P.

indicated

that bench press strength decreased 4.8% after training.
There was no significant difference between subjects in Groups A
or B for either pre or post training total strength.

Even though the

18.5% increase in total strength for Group A was larger than the 11%
increase experienced by Group B, these differences were not statistically
significant.

The same pattern between groups was exhibited between pre

and post scores in the bench press,

lat pull,

tricep extension, and bicep

curl.

Maximal Oxygen Uptake

Group A experienced a .19 l*min“ l (7%) and a 2.69 ml'kg^l.min-1
(7%) increase in V O 2 max, while Group B experienced a .18 l*min“ ^ (7%)
and a 2,73 ml*kg“ l.min~l

(8 %) increase in V O 2 max after training.

None

of these changes, however, were found to be statistically significant.
Six of the 11 subjects in Group A increased V O 2 max slightly,
while the other five subjects decreased V O 2 max (ml*kg“ ^-min~l)
after training.

Subject W.H.

subject within Group A,

slightly

increased V O 2 max by 34%, the most of any

whereas subjects D.K. and J.P. decreased V O 2 max

by 9.2% and 10.9%, respectively,
Maximal oxygen uptake

the most of any subjects in Group A.

(ml* kg^l •min"”^) increased slightly in five

subjects, decreased slightly in three subjects, and remained the same in
one subject within Group B.

The range of percentage change for V O 2 max

was from an increase of 22.7% for subject S.S.,

to a decrease of 9.4% in
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subject B.P.

Two other subjects,

increases in V O 2 max of

2 1

.2 % and

B.B. and M.S.
2 0

also experienced large

.8 % respectively.

There was no significant difference in V O 2 max, when expressed
in I'min"! or ml * k g “ l*min” ^, between Groups A and B.

Neither of the

post test t values between groups of ,530 (l*min“ ^) and 1.305
(ml*kg” ^*min” ^) were statistically significant.

Anaerobic Threshold

In this study,

it was difficult to plot and detect the AT

accurately and consistently.

Two departures from linearity of Vg were

not evident when these data were analyzed.

Only one point of non-

linearity was evident and this was assumed to be the AT.

In most

instances, when FgC 0 2 was plotted against the percentage of V O 2 max,
the peak of FgC 0 2 correlated well with the one nonlinear Vg increase.
From this information,

the AT was determined.

the post test Vg and FgC 0 2
K.C. of Group B —

Figure 4 illustrates

curves used to calculate the AT for subject

this was one of the plots where the AT was more easily

determined.
The AT could not be determined for subjects M.C., B . W . , and B.K.
in Group A, and subjects R.R. and M.S.

in Group B.

In these subjects,

the rise in Vg relative to the percentage of V O 2 max, was nonsystematic
and did not produce even one clear ventilatory breakaway point, which
made it impossible to determine the AT.
for subject B.W.

The post test AT determination

from Group A illustrates this point in Figure 5.

The individual assumed AT values are presented in Appendix E for
subjects in Group A and in Appendix F for subjects in Group B.

However,

due to tb ! confusion surrounding the definition of the AT and the
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Post Training Anaerobic Threshold Determination for
Subject K.C. (• = V g /VÛ 2 max;
FgC 0 2 /V 0 2 max)
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Post Training Anaerobic Threshold Determination for
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Note:
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inability to detect even one nonlinear ventilatory breakaway point in a
large number of subjects,

the results were difficult to interpret.

These

difficulties necessitated that the AT results be excluded from statistical
analyses and interpretation.

Work Output

Changes in Wo r k Output Within
and Between Groups
The changes in WO within both Group A and Group B were statis
tically significant.

The mean WO change for Group A was 851.94 kg*m"^ or

54%, while the mean change for Group B was 1240.99 kg*m“ ^ or 74%.
All subjects in both groups experienced increases in WO after
training.

The percentage improvement for subjects in Group A ranged from

the 108% increase in subject W.H.

to the 26.6% increase in subject M.C.

The percentage improvement for subjects in Group B ranged from the 112.6%
increase in subject M.L.

to the 31.1% increase in subject R.R.

Two other

subjects from Group B, K.C. and M.S., also experienced large WO increases
of 107.9% and 105.8%,

respectively.

The 72.1% increase by subject B.P.

from Group B was also very substantial,

since his pre training level of

2803.41 kg*ra~^ was almost twice as large as the pre training levels of
many other subjects in Group B.
Even though both Groups A and B significantly increased WO by
54% and 74%, respectively,
tically significant.

the differences between groups were not statis

The t value between groups was -.583 before training,

and -1.586 after training.

Correlations Between W o r k Output
and Strength and V O 2 max
'"he Pearson Product Moment Correlation Coefficient was used to
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analyze the relationship between WO,

strength, and V O 2 max.

the confusion surrounding the AT measurements,
WO and the AT was not determined.

Because of

the relationship between

The statistical significance level

was set at .05 for all correlational analyses.

The two-tailed, Pearson

r values needed for statistical significance within Group A and Group B
were r = , 602 (9 df), and r =

.666

(7 d f ), respectively.

The correlations between the pre training WO and the pre training
strength and V O 2 max are presented in Table 5.

Table

6

presents the

correlations between the same variables after training.
The correlation of r - .64 between pre training W O and pre
training bicep curl strength was statistically significant in Group A,
whereas all other correlations between pre training W O and strength and
VO^ max were positive, but, not significant.

When all subjects in Group

B were included in the correlational analyses between pre training levels
of WO and strength and V O 2 max, there appeared to be a significant
relationship between WO and each of the strength measures, but, no sig
nificant relationship between WO and V O 2 max.
lations, however,

After graphing the corre

it was clear that when subject B.P. was included in

the correlations within Group B, all the correlations were extremely
elevated.

The scatterplot in Figure

6

substantiates this point by illus

trating the relationships between pre training WO and lat pull strength
for both groups.

The correlation of r = .48 for Group A was accurately

reflected in the plot, but,
to be r - .84.

the correlation for Group B did not appear

All other pre and post training correlations between WO,

strength, and V O 2 max that included subject B.P. were similarly elevated.
The pre and post training correlations,
were calculated and reported.

therefore, without subject B.P.

When subject B.P. was not included in the
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Table 5
Pre Training Correlations Between Work Output, Strength, and V O 2 max

Group A
WO

Group B
WO

Combined A + B
WO

Bench Press

.13

.8 6
*(.51)

.62
*(.27)

Lat Pull

.48

.84
*(.54)

.71 ^
*(.49)t

Tricep Ext.

.30

.90
*(.64)

.67
*(.41)

Bicep Curl

.64^

.89
*(.64)

.80
*(.63)b

Total Strength

.37

.78
*(.50)

.65
*(.35)

V O 2 max
(l-min” !)

.50

.57
*(. 0 2 )

.58
*(.36)

V O 2 max
(ml-kg~l*min“ l)

.11

.42

* Without subject B.P.
^ r

21.602

^ r

21

r^

significant at p = ,05 for Group A

.444 significant at p = ,05 for Combined Group
.666

significant at p = .05 for Group B

.20
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Table

6

Post Training Correlations Between Work Output,

Group A
WO

Bench Press

Strength, and V O 2 max

Group B
WO

Combined A + B
WO

-.05

.84
.60)

Lat Pull

.48

.87
.60)
*(

.73
*(.45)*

Tricep Ext.

.25

.79
*( .52)

.63
*(.23)

Bicep Curl

.31

.79
*( .34)

.63
*(.23)

Total Strength

. 18

.87
.59)

*(.29)

.8 6
*( .64)

.50
*(.35)

.41

V O 2 max
(l*min” l)
VO 2 max
(ml'kg-l'min"l)

-.23

.54
*(.24)

.66

.32

* Without subject B.P.
^ r2_ .444

significant at p = .05 for Combined Group

r 2. .602

significant at p = .05 for Group A

r2.666

significant at p - .05 for Group B

-.05
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data analyses, all

correlations between W O and strength

positive, but, not

significant.

for Group B were

All correlations between post training WO, strength, and V O 2 max
in Group A were not significant.

The correlations between WO and bench

press, and V O 2 max (ml-kg“ l•min'^) were slightly negative, while the
correlations between WO and the remainder of the strength and V O 2 max
variables were positive after training.

There were positive relation

ships between all of the post training WO,

strength, and V O 2 max measures

in Group B, but, none were significant.
In order to further investigate whether the nonsignificant cor r e 
lations between WO and strength and V O 2 m ax within each group were pa r 
tially due to the small size of the groups, subjects from both groups
were combined to form one larger group.

The subjects in the combined

group possessed similar characteristics since there were no significant
differences in strength, V O 2 max, or WO between groups before or after
training.

The pre

training combined group correlations

between WO and

strength and VO 2 m ax are presented in Table 5, and the correlations be 
tween the same variables after training are presented in Table

6

.

All

correlations in the combined group were measured and recorded without
subject B.P.

The two-tailed Pearson r value needed for statistical

significance at the .05 level for the combined group was r = .444 (18 df).
The correlations between the combined group pre training WO
and lat pull strength of r - .49, and bicep curl strength of r = .63,
were statistically significant.

All other pre training correlations

involving strength and V O 2 max were positive, but, not significant.

The

only post training correlation that was statistically significant in the
combined group was between WO and lat pull strength (r = .45).

All other
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combined post training correlations between WO and strength and VO 2 max,
except between WO and V O 2 max
significant.

(ml*kg~^’m i n " ^ ) , were positive, but, not

There was a slightly negative correlation, r = -.05,

between WO and V O 2 m a x (ml•kg~^.min” l) in the combined group after
training.

Body Weight
Body weight was measured and recorded before and after training
since it was needed for calculating WO.

Table 7 outlines the means and

t values for pre and post training body weight within and between groups.

Table 7
Means and t Values for Pre and Post training Body
Weight Within and Between Group A and Group B

CROUP A

Pre mean
(SO)a

Body Weight
<kg)

71.63
(8.72)

Poet mean
(SO)

BETWEEN
GROUPS A + B

GROUP B

Mean
dif ference

72.40
(8.63)

.76

t

-2.27**

Pre mean

Post mean

(SD)

(SD)

73.94
(10.78)

74,92
(11.43)

Mean
difference

t

.99

-1.46

Pre
t

Post
t

-.53

.56

® Standard Deviation
^ tZ 2.228 significant

at p = .05 for Croup A

t.> 2.306 significant

atp=

.05 for Group B

t.z 2.101 significant

at p = .05 Between Groups A and B

The body weight within Group A changed significantly from 71.63 kg to
72.40 kg after training, while the body weight change within Group B of
73.94 kg to 74,92 kg was not statistically significant.

There was no

significant difference in body weight between the groups either before
or after training.
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Chapter 5

DISCUSSION

This study clarified the misconception that muscular adaptations
resulting from strength and endurance training are mutually exclusive
and incapable of producing similar adaptations since both strength and
endurance CWT regimens produced comparable physiological adaptations in
strength, V O 2 max, and WO.

These results have some important training

implications for untrained beginning cross-country skiers.
This chapter discusses the results of this study and their rela
tionship to other studies reported in the literature, as well as some
explanations that may account for the physiological adaptations that
occurred in strength, V O 2 max, AT, and WO.

The practical training impli

cations suggested by these results for untrained beginning skiers are
also discussed.

Strength

The total strength percentage increases within Group A and Group
B compared favorably with strength increases reported by other investi
gators.

The 18.5% increase in total strength by Group A after seven

weeks of strength training, was similar to the

20

% strength increase

reported by Anderson and Kearney (2) after nine weeks of upper body highresistance/low-repetition weight training,
reported by MacDougall et al.

and the 28% strength increase

(23) after five months of similar training.
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When the strength increases in these studies were expressed as percentage
improvement per week, however,

the 2.64% per week improvement experienced

by subjects from Group A in this study was greater than the 2.22% per
week and 1.40% per week improvements experienced by subjects in the
papers by Anderson and Kearney, and MacDougall, respectively.
The 11.3% increase in total strength experienced by subjects in
Group B was similar to the

8

% increase in strength after nine weeks of

endurance weight training found by Anderson and Kearney (2), and the
13.2% increase in strength found by Hansen (15), following six weeks of
arm endurance weight training.

When these strength increases were ex

pressed as percent improvement per week,

the 1.57% per week improvement

experienced by subjects from Group B, was greater than the .8 8 % per week
improvement experienced by subjects in the study conducted by Anderson
and Kearney,

but, less than the 2.2% per week improvement experienced by

subjects in Hansen's

study.

In any case, the results of this study indi

cated that strength could be increased substantially by endurance CWT.
The variations between weekly strength percentage improvements
in these studies could have been due to the differences in individual pre
training strength levels, differences in the effectiveness of the
training protocols, and/or learning.

Therefore, comparing weekly

strength gains between studies must be done cautiously.
The nonsignificant differences in strength scores between Group A
and Group B came as a surprise,
more than

10

with 4,6, and

since Berger (4) noted that training with

repetitions did not increase strength as rapidly as training
8

repetitions.

Anderson and Kearney (2) also reported that

three sets of six to eight repetitions increased strength more than two
sets of 30-40 RM, or one set of 100-150 RM, which substantiated Berger's
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findings.

Sharkey (33) was also in agreement with these others by

stating that weights less than 66% 1 RM do not provide as much stimulus
for strength development as do weights exceeding 66% 1 RM.

Since Group A

trained at 80-90% 1 RM, and Group B trained at 40-60% 1 RM,

it was sur

prising that the different training regimens failed to produce signifi
cantly different adaptations in muscular strength.
There are a number of possible explanations that may have
accounted for the nonsignificant strength differences between Group A
and Group B in this study.

Sale and MacDougall (30) suggested that with

beginners in strength training, a wide range in the number of repetitions
and sets could produce similar strength improvements, at least for the
first several weeks of training.
untrained,
bility.

inexperienced,

Subject P.W.

subjects in Groups A and B supported this pos—

from Group A experienced a 30% increase in total

strength, while subject K.C.
total strength.

The similarity of strength gains by the

from Group B experienced a 19% increase in

The lowest strength gain of 9.6% by subject D.K.

from

Group A closely paralleled the lowest total strength gain of 8% by sub
ject B.S.

in Group B.

As subjects become more experienced and trained,

the number of repetitions and sets, as well as the duration of the
training program, may become mor e important in determining the amount of
strength improvement.
DeLateur et al.

(10) reported that in producing strength gains,

the choice of weights (number of pounds) was not of prime importance as
long as the subjects continued to perform the repetitions to the point of
fatigue.

Subjects in Groups A and B did not follow the traditional CWT

protocol that calls for each exercise to be performed for as many repe
titions as possible in 30 seconds.

The subjects in this study lifted to
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the point of fatigue on each exercise before moving to the next exercise.
This variation in training protocol could have been responsible for the
similar strength gains experienced by subjects in both groups.
The nonsignificant differences in strength between groups may
also have been due to the large variability of the data.

Figure 7 illus

trates the mean v a l u e s — including plus or minus one standard deviation.
The possibility also exists that the endurance training protocol
as defined, was in fact a strength training protocol, even though the
training regimen consisting of 15-25 repetitions has commonly been termed
endurance training.

Holloszy and Booth (18) suggested that two d is

tinctly different adaptive responses could be induced in skeletal muscle
If the two training stimuli were different from one another.

The pos

sibility exists that even though different numbers of repetitions were
performed with different resistances,
tocols were similar.

the simuli produced from both pro

If this were true, further clarification and re

definition of training protocols that constitute strength and endurance
training need to be made.

Maximal Oxygen Uptake

The nonsignificant increases in VO^ max within Groups A and B
corresponded to the findings of Allen et al. (1) and Wilmore (41), who
both reported no change in VO^ max after 12 weeks of strength CWT, and 10
weeks of endurance CWT, respectively.
increase V O 2 m a x came as no surprise,

The inability of strength CWT to
since Nagle and Irwin (25) also

failed to find increases in V O 2 max after strength training.

The in

ability of the endurance CWT regimen to produce significant changes in
V O 2 max, however, was suprising,

since Gettman et al.

(12,13,14) and
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Wilmore et al.

(39) discovered small, but, statistically significant

increases in VO^ max after CWT.
The VO^ m ax results of this study were confusing since the non
significant 7% increases experienced by subjects in both Groups A and B
closely resembled the significant 7% and 5.9% increases in VO^ max
reported by Gettman et al.

(14) and Wilmore et al.

weeks of endurance CWT, respectively.

(39) after 20 and 10

A possible explanation for the

discrepancies in percentage increases and statistical significance may
have been due to the large within group variability.

The mean differences

and standard deviations in the pre and post training VO 2 max scores for
both groups are illustrated in Figure 8.
Even though neither groups significantly increased VO 2 max,

sev

eral individual subjects from both groups increased VO^ max dramatically
after training.

The large 34% increase in VO 2 max by subject W.H.

Group A, and the 22.7%,

from

21.2%, and 20.8% increases experienced by sub

jects S.S., B.B., and M.S., from Group B, far exceeded the modest 7%
increases noted by Gettman et al.

(14) after 20 weeks of endurance CWT.

These large increases more closely approximated the 19% V O 2 max increases
that Stamford et al.

(35) found following 10 weeks of an endurance arm

cranking program.
Several reasons were considered as possible explanations for the
large individual V O 2 max increases.

The large increases in all four sub

jects could have been due to their low initial V O 2 max scores, since
Sharkey (33) reported that less fit individuals have a greater potential
to improve aerobic fitness than more highly trained individuals.
subjects D.K. and J.P.

from Group A and subject B.P.

Since

from Group B also

had low initial V O 2 max scores and decreased V O 2 m ax by 9.2%, 10.9%, and
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9.4%, respectively,

this possibility was questionable.

Another possible

explanation for the large individual increases in V O 2 max could have been
due to increased participation in upper body aerobic activities outside
the realm of the study.
records, however,

An examination of their individual activity

failed to substantiate this hypothesis.

A third, and

most likely explanation for these large reported individual V O 2 max in
creases in subjects W.H.,

S.S., B.B., and M.S., may be related to

strength gains, which could have increased the active muscle mass in
their arms or increased the utilization of additional body muscle groups
during the V O 2 max test.

Anaerobic Threshold

The gas exchange method used in this study was ineffective for
determining the AT during arm work.

It was difficult to accurately plot

and detect the AT because of the absence of two nonlinear increases in Vg
and the nonsystematic increases in Vg.
due to a number of factors.

These findings could have been

The Nordic-Trak device was often unable to

produce consistent increases in workload.

As testing proceeded, the

Nordic—Trak device heated up and reduced the set workload rather than
maintaining it.

Another explanation could have been due to the relation

ship between the a rm rhythm and the respiratory rate.
sessions,

During the testing

it became apparent that the breathing frequency was synchron

ized with the work rate of the arms, which varied according to the speed
and resistance applied throughout the test.

As a result,

and/or V O 2

did not consistently increase in a linear pattern, which made it diffi
cult to pinpoint a ventilatory nonlinear breakaway point in all subjects.
The results of this study led to some confusion as to whether the
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point obtained was the AT

as described by Skinner and McLellan

MacDougall

et al.

(21), and Rupp

(34),

(29), or the AT as described by Davis

(9), Wasserman et a l . (38), and Withers

(42).

Skinner and McLellan,

MacDougall, and Rupp et al. all defined the AT as the second "breakaway"
nonlinear increase in Vg,and the peak
However, Davis, Wasserman

or

initial decline of FgC 0

2

«

et al., and Withers all defined the A T as the

first point of nonlinear increase in Vg that corresponded to the peak or
slight decline in Fg02 without a peak or decrease in FgC02-

Since there

was only one nonlinear increase in Vg that corresponded to the peak or
slight decline in FgC 0

2

» the results of this portion of the investi

gation were confusing, and therefore were not considered for further
analysis and discussion.

Work Output

The 54% total increase in WO found in Group A after seven weeks
of strength CWT compared favorably w i t h the results reported by Hickson
et al.

(17), who found a 47% increase in bicycle endurance time to ex

haustion after 10 weeks of lower body strength training, and Shaver (32)
who also reported increased upper body endurance time to exhaustion after
strength training.

The 54% increase in WO in this study, however, was

larger than the 28% increase in absolute endurance noted by Anderson and
Kearney (2) after nine weeks of upper body strength training.

The weekly

percentage increase in W O of 7.71% per week found in this study was much
larger than the weekly percentage increases of 4.7% per week reported by
Hickson et al. and the 3.1% per week increases reported by Anderson and
Kearney.
The reported 74% increase in WO in Group B after endurance CWT
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far exceeded the increases in endurance time to exhaustion of 5.2% noted
by Wilmore

(41) after 10 weeks of endurance CWT,

7.5% obtained by Gettman

(12) following 20 weeks of upper and lower body endurance CWT, and 38%
found by Magel et al.

(2 3) after 10 weeks of arm interval training.

The 74% increase in WO was also much greater than the 41% and 39% in
creases in absolute endurance reported by Anderson and Kearney (2) after
nine weeks of endurance weight training.

When these WO increases were

expressed as percentage improvement per week,

the 10.57% per week in

crease in WO by Group B in this study far exceeded the weekly percentage
increases in endurance time to exhaustion of ,52% per week,

.38% per

week, and 3.8% per w e e k reported by Wilmore, Gettman, and Magel, respec
tively, and the 4.5% per w e e k and 4.3% per week increases in absolute
endurance found by Anderson and Kearney.
The large weekly percentage improvements in WO by both groups in
this study can be partially accounted for by the large individual im
provements within each group.
Group A increased W O by 108%,

Subjects W . H . , B.K., B.W., and D . V . , from
97%,

90%, and 88%, respectively, after

training, while subjects M.L., K.C., M.S., and B . P . , from Group B in
creased WO by 113%,

108%,

106%, and 72%, respectively, after training.

These large individual increases in WO for subjects in both groups could
have been due to several factors, including low pre

training W O levels,

individual training responses, and/or learning.
The significant change in body weight of .76 kg within Group A
and the nonsignificant

.99 kg body weight change within Group B after

training accounted for a small amount of the increases in WO found within
each group.

Since both of these changes were small, however,

the prac

tical significance for either of these changes in body weight was minimal.
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The majority of the increase in WO within each group was therefore due
primarily to the increased number of repetitions performed on the rollerboard.
The large increases in WO within both groups could have been
partially due to the similarity between the training exercises and the
rollerboard test.

Pechar et al.

(28) emphasized the importance of se

lecting an appropriate work test when assessing functional changes re
sulting from exercise training programs.

In this study, the lat pull and

arm pulls closely replicated the upper body movements used during the
rollerboard test, while the bench press and tricep extension worked
related upper body muscle groups.

This hypothesis was supported by the

small increases in W O found in studies by Wilmore (41) and Gettman (12),
who utilized CWT protocols that trained both the upper and lower body,
and then tested only lower body WO with a treadmill walk to exhaustion.
Both groups in this study increased WO significantly, but, the
74% increase in WO for Group B was not statistically greater than the 54%
increase in WO for Group A.

These findings agree with the results of a

study by Anderson and Kearney (2), wh o showed no significant differences
in absolute endurance scores between strength training with six to eight
RM, and higher repetition training of 30-40 RM and 100-150 RM.
The nonsignificant differences in W O between groups in this study
came as a surprise, however,

since the percentage of WO increases within

each group was considerably different.

The nonsignificant difference in

WO between groups was not due to changes in body weight since there were
no significant differences found in body weight between groups either
before training

(t = -.529) or after training (t = -.564).

nificant difference in WO between groups, however,

The n onsig

could have been due to
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the large post training standard deviations, as illustrated in Figure 9.
There appeared to be a trend for larger increases in W O after
endurance training compared to strength training.

The W O differences

between groups might have become statistically significant if the
training program would have been longer.

This possibility should be

explored in future research.
The positive correlations between WO and lat pull strength of
r = .48 in Group A, r = .60 in Group B, and r = ,45 in the combined group
after training,

indicated that strength was associated with WO.

A sta

tistically significant correlation between WO and lat pull strength was
found only in the combined group, which was probably due to the differ
ence in sample size.

Even though there was a slightly negative cor

relation of r = -.05 between W O and bench press strength in Group A after
training,

the positive correlations between WO and bench press,

tricep

extension, bicep curl, and total strength within each group and the com
bined group,

supported the existence of a relationship between W O and

strength.
It was unknown, however, whether the increases in WO were caused
by the increases in strength or by other factors.

The strength-related

factors responsible for the increases in WO could have been due to in
creased short-term energy stores

(ATP, CP), and/or more efficient n e u r o 

muscular pathways and muscle motor unit recruitment.

MacDougall et al.

(22) found that resting levels of ATP, ADP, and CP were increased sig
nificantly after strength training,

and concluded that by increasing

these short-term energy stores, heavy work could be sustained longer.
The positive correlations between WO and V O 2 m ax (l*min*^) of
r = .41 in Group A, r = .64 in Group B, and r = .35 in the combined group
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after training,

suggested that VO^ m ax was associated with WO.

ative correlations between WO and V O 2 max

(l*min” l) of r = -.23 in Group

A, and r = -.05 in the combined group after training,
VO 2 max was adjusted for body weight,
levels.
clear.

The n e g 

suggested that when

it was not associated with WO

The relationship between WO and VO 2 max in this study was un 
Future studies, however,

should investigate the relationship be

tween WO and V O 2 m ax when the training program induces a change in W O and
V O 2 max.
The relationship between the AT and W O remains unknown.
the relationship between the AT and WO can be investigated,

Before

however, the

definition of the AT and procedures for its determination must first
be standardized.
The results of this investigation have some important training
implications for untrained, beginning,

cross-country skiers.

Although

Bergh (5) suggests that weight training has very little value for ski
training,

this study found that upper body strength and endurance CWT

increased both strength and W O after only seven weeks and therefore could
be highly beneficial for ski training.

Since many untrained beginning

skiers lack sufficient upper body strength and w o r k capacity, a strength
or endurance CWT program m a y be the best training method to increase both
strength and WO adequately.

Since the physiological adaptations in both

regimens have been shown to be very similar,
regimen of personal preference.

skiers could choose the

The increases in strength and WO that

would result from a CWT program could help skiers meet the high demands
for upper body use that the sport of cross-country skiing presently
requires.

Chapter 6

SUMMARY

This study investigated the effects of upper body strength and
endurance circuit weight training on strength, maximal oxygen uptake,
anaerobic threshold,

and work output, during simulated cross-country

ski movements in a sample of untrained college men.
Twenty-two subjects who met the criterion for participation in
this study were randomly assigned into two training groups:
(strength) and Group B (endurance).

Group A

The exercise program for both groups

consisted of seven weeks of CWT three days per week.

Subjects in Group A

performed four to eight repetitions on the bench press,

lat pull,

tricep

extension, bicep curl, and arm pulls, whereas subjects in Group B per
formed 15-25 repetitions on the same first four exercises, and from 50100 repetitions on the arm pulls.
period,

Following the seven week training

the pre and post training measurements were compared within each

training group, and between training groups.
There was a significant increase in all strength scores within
Group A and Group B,

No significant differences were noted between any

of the strength scores between training groups.
Maximal oxygen uptake increased slightly within both training
groups,

but,

these changes were not significant.

There was no

significant difference in VO^ max between training groups.
The AT was difficult to determine by the gas exchange method
used in this study.

The failure to meet all the defining criteria for
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the A T and the inability to detect any nonlinear ventilatory breakaway
point in a large number of subjects, necessitated that the results not
be statistically analyzed or discussed.
Wor k output showed significant increases within Groups A and B
after training,

but, no significant differences in WO were noted between

groups either before or after training.

Correlations between pre and

post training WO and each of the combined strength tests and total
strength indicated that strength was associated with WO levels.

There

was a positive correlation between combined group pre and post training
WO and combined group pre and post training V O 2

(l*min“ l), and a slight

negative correlation between combined group post training WO and com
bined group post training V O 2 max (ml‘kg~l.min“ l ) .

Therefore,

the

relationship between WO and V O 2 max was unclear.
The muscular adaptations resulting from strength and endurance
CWT were not m u tually exclusive and incapable of producing similar adap
tations as suggested by DeLorme

(11).

The subjects who trained for

strength gained as much endurance as those who trained for endurance.
Those who trained for endurance gained as much strength as those who
trained for strength.

These results suggested that either strength or

endurance CWT could be a valuable training method for beginning cross
country skiers.

Conclusions

The results of this investigation support the following con
clusions :
1.

Both upper body strength CWT comprised of four to eight
repetitions, and endurance CWT comprised of more than 15
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repetitions significantly increased strength and WO in un
trained college subjects following seven weeks of upper body
training.
2.

Both strength and endurance

CWT were equally effective in

increasing strength and WO, since there were no differences
in strength or W O increases between the two groups using
different training regimens.
3.

Seven weeks of upper body strength or endurance CWT did not
produce significant changes in V O 2 max within or between the
two groups.

Recommendations

Based on the results of this study,

the following recommendations

for future study are proposed:
1.

Additional CWT studies with trained and untrained
consisting of a wider range of repetitions should
ducted over

2.

subjects
be con

a longer period of time.

Future studies should be conducted to compare the differences
between a CWT protocol that requires subjects to perform as
many repetitions as possible in 30 seconds, and a protocol
that requires subjects to lift to the point of fatigue.

3.

The AT and V O 2 max should be measured in two separate tests
during arm work to eliminate some of the problems

inherent

with determining the AT with the gas exchange method.
4.

Future studies that attempt

to determine the AT for upper

body simulated cross-country ski movements should use another
type of arm ergometer that allows workloads to be accurately
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ca li b r a t e d .
5.

Future research should investigate the relationships between
changes in W O and changes in strength, V O 2 max, and the AT,
to discover the factors that account for changes in WO.

6.

The effects of strength and endurance CWT on WO and actual
skiing performance should be investigated.
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APPENDIX A
Informed Consent Form and Medical History Questionnaire

TO SUBJECTS:
The purpose of this study is to determine the effects of strength
and endurance training on upper body strength, work output, and aerobic
fitness during simulated cross-country ski movements.
You will perform a maximal strength test, and two additional
maximal tests— one to determine work output, and one to determine aerobic
fitness, during which heart rate will be monitored by electrocardiograph
(ECG), and expired air will be collected and analyzed.

You will also

participate in a seven w e e k upper body strength or endurance training
program three days each week.
You can expect some discomforts due to muscular fatigue during
testing, and minor muscle soreness at the beginning of the training pro
gram, You will complete a brief medical history questionnaire designed
to detect medical problems that might prevent your safe participation in
this study.
abnormal,

During the aerobic fitness test, if the ECG is or becomes

the test will be immediately terminated and you will be

referred to m edical care.

Instruction and supervision will also be given

during the m a x i m u m strength test, work output test, and training,
reduce any risk involved.

to

Y ou can expect to gain insight into your

exercise capabilities and improve your muscular fitness by participating
in this study.
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In the event physical injury results from biomedical or behav
ioral research the human subject should individually seek appropriate
medical treatment and shall be entitled to reimbursement or compen
sation consistent with the self insurance program for Comprehensive
General Liability established by the Department of Administration under
the authority of Title 82, Chapter 43, RCM 1947 or by the satisfaction
of the claim or judgement by means provided by M C A Sec. 2-9-315.
In the
event of a claim for such physical injury further information may be
obtained from the University Legal Counsel.
The investigator will be glad to answer any questions you have
concerning the study at any time.

Confidentiality will be assured in

data publication by referring to you by number only.

Yo u are free to

discontinue participation at any time, although a commitment for your
participation throughout the study is requested.
I have read, and understand the above statement, and hereby give
my consent to participate.

Name__________________________________

Date________

Investigator_____________

The following questionnaire is designed to detect any medical
problems that might prevent safe participation in an upper body testing
and training study.

These questions were taken from the PRE/FIT ques

tionnaire which was adapted from the Physical Activity Readiness Ques
tionnaire developed by the British Columbia Ministry of Health by Dr.
Brian J. Sharkey.

Yes

No
Has your doctor ever said you have heart trouble?
Do you frequently

have pains in your heart and chest?

Do you often feel faint or have spells of severe
dizziness?
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Yes

No
Has your doctor ever told you that you have a bone
or joint problem that has been aggravated by exercise,
or might be made worse with exercise?
Is there a good physical reason not mentioned here why
you should not follow an activity program even if
you wanted to?

If you answered YES to one or more questions, you should not participate
in this study.

If you answered NO to all questions, you m ay participate

in this study.
Name____________________________________
Date

APPENDIX B
The Rollerboard
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Rollerboard Construction Specifications

Quantity

Ramp
Pressboard,
2" X 4",

3/4" thick,

(24", 9", 9",

(95" x 113/4")
120",

120")

Rolling Board
Plywood,

3/4" thick,

Plastic Wheels

(12" x 37 3/8")

(2" in diameter)

Metal Wheel Brackets with screws
Carpet Remnant

(2" x 2 5/8")

(12" x 37")

Platform
Any platform 24" high that the ramp can be
attached to.
A 13.4 degree angle from the floor
should exist w h e n the ramp sits on the platform
Platform used in this study was constructed
from 2" X 4"'s and V' plywood

Miscellaneous
Ski handles with straps

(6 3/4" long)

Nylon straps (6* long and
wide)
Straps are attached to the 2" x 4" at the top
of the ramp and to the ski handles.
A distance
of 37" exists between these two points of attachment

APPENDIX C
The Nordic—Trak Arm Ergometer

Volleyball
Standard

Nordic-Trak
Device
Leather Strap
Pulley

Construction:
One
Two
Two
One
Two

N o r dic-Trak A rm Ergometry Device
Leather Braking Straps:
1" x 5"
Pulleys:
1^'* in Diameter
Mounting Board:
12" x 18"
"U" Bolts to mount the board to volleyball standard

The unit is secured to the center of the board using the central bolt
provided with the Nordic-Trak device.
The board is then mounted on a
volleyball standard with the aid of "U" bolts at a height of 6.5 feet
off the ground.
The length of the rope on the ergometer is 14 feet.
The volleyball standard is positioned at the head of the treadmill.
The top of the standard is secured to the wall using straps to provide
additional support.
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d

Training Exercises and Equipment

.Bench Presa

Lat Pull

76

77

Trxcep Extension

Bicep Curl

78

Arm Pulls

Training Equipment
Quantity
Universal Gym
Lat Pull Poles
Hardwood Poles (1" dla. % 24" lonel
Eye Screws (5/8" die. x 2" long)
Nylon Straps (1" w i d e x 18" long)
Apollo Exercisers

1-2

APPENDIX E
Individual Data For Group A

Subject

Age Bench Press Lat Pull
(years)
(lbs)
(lbs)
Pre

Post

Pre

Trlcep Ext.
(lbs)

Post Pre

Bicep Curl
(lbs)

Total Strength VO2 max
(lmln-1)
(lbs)

WO
(kgm" 1)

AT
VO2 max
(ml kg-1 min-1) (% VO2 max)
Post

Post

Pre

Post

Pre

Post

Pre

Post

Pre

Post

Pre

50.5 56.0

Pre

Post

Body Weight
(kg)
pre

Post

1695.65 2350.92 72.73 74.55

D.K.

21

130

150

85

95

75

75

75

80

365

400

2.36

2.22

32.8

29.8

M.C.

22

230

260

85

100

90

105

90

110

490

575

2.39

2.83

37.2

39.5

P.W.

26

115

160

70

90

65

80

80

100

330

430

3.54

3.48

44.3

43.6

B.W.

19

130

155

65

75

60

65

55

70

310

365

2.57

2.55

37.8

37.3

S.H.

28

160

195

90

105

85

95

90

105

425

500

3.25

3.75

40.7

47.5

44.0 53.0

1756.16 2399.63 80.00 79.55

J.P.

23

150

190

70

75

90

80

60

75

370

420

2.64

2.35

43.2

38.5

51.0 44.5

1234.80 1865.37 60.00 61.82

W.ll.

21

120

120

60

70

45

60

60

80

370

420

2.21

2.95

38.6

51.8

51.0 44.0

B.K.

19

145

170

80

90

55

75

70

80

350

415

2.58

3.08

34.1

39.9

J.F.

24

180

200

80

105

70

100

90

100

420

505

2.66

2.82

36.6

P.J.

19

130

155

70

85

65

75

70

90

335

405

2.37

2,81

D.V.

23

160

180

80

100

70

100

90

110

400

490

3.55

90,0 70,0 82.7

75.5

90.9 370.9 439.6

2.74

Mean

22.3 150,0 175.9 75.5

*

46.5

60.0 47.5
*

*

1526.90 1934.31

71.82 72.27

2181.48 3054.07 79.55 79.55
1346.82 2559.74 67.73 69.09

825.46 1720.49 57.27

57.05

41.0

1346.62 2651.39 75.45 77.27

38.1

72.0 71.0

2112.06 2948.29 71.59 74.09

36.2

43.6

55.0 54.0

1617.59 2400.45 65.45 64.77

3.44

40.4

39.9

30.0 36.0

1481.76 2785,71

2.93

38.2

40.9

51.7 49.4

1572.64 2424.58 71.63 72.40

2.69

-2.33

.

*

86.36 86.36

Mean
Difference

25.91

Unable t6 determine

14.55

12.73

15.46

68.64

.19

851.94

.77

o
oc
APPENDIX F
Individual Data For Group B

Subject

Age Bench Press Lat Pull
(years)
(lbs)
(lbs)

Trlcep Ext.
(lbs)

Bicep Curl
(lbs)

WO
(kg m'-1)

VO; max
AT
(ml*kg* Iminrl) (% VO; max)

Post

Pre

Post

Pre

Post

Pre

Post

Pre

Post

420

465

2.30

2.67

29.7

34.9

57.0

&

150

690

730

3.85

3.56

39.3

35.6

60.0 66.5

2803.41 4826.01 97.27 100.45

Post

Pre

Post Pre

Post

95

75

85

100

100

140 125

140

140

Pre

Body Weight
(kg)

Post

Post Pre

Pre

Pre

Total Strength VO2 max
(lbs)
(Imin-I)

1834.36 2404.13 76.36 74.55

R.R.

25

165

185

80

B.P.

28

315

300

110

K.C.

27

120

135

70

90

55

70

70

80

315

375

3.05

2.98

42.1

41.8

57:0 66.5

1477.64 3072.80 71.82 71.14

S.S.

18

100

110

55

65

45

60

50

60

250

295

2.04

2.57

30.4

37.3

60.0 48.5

1050.81

B.B

19

150

165

65

80

60

70

75

75

350

390

2.13

2.53

35.8

43.4

63.5 48.0

1886.77 3313.79 57.27 58.18

B.S.

19

150

160

80

90

65

70

80

85

375

405

2.60

2.56

35.6

35.3

52.5 46.0

1424.41 2331.10 71.59 72.27

R.M.

19

160

190

80

80

70

80

75

90

385

440

2.63

2.67

34.1

34.1

66.0 46.0

1716.65 2521.32

M.L.

18

220

240

85

100

85

90

85

95

475

525

2.66

3.26

37.1

44.8

59.0 43.0

1665.33 3540.51 71.36 70.68

M.S.

20

160

170

70

85

60

70

80

90

370

415

2.57

2,69

31.5

33.3

91.7 71.1

81.7

83.9

91.7 403.3 448.9

2.65

2.83

35.1

Mean

21.4 171.1 183.9 77.2

Mean
Difference

12.79

finable to determine

14.45

10.55

7.78

45.56

.18

*

1748.82 66.59 68.86

73.64 78.18

57.0

1199.81 2469.60 79.55 80.00

37.8

59.4 52.7

1673.24 2914.23 73.94 74.92

2.73

6.7

1240.99

1.01

